INTRODUCTION
Raw materials for processing of an untold number of significantly different pickled onions are cultivars from the species (Allium cepa L.) and shallots (Allium ascaloni L.) that in fact are very popular as taste promoters on sandwiches, mixed salads, by hot meals and on breads with preserved fish [1, 2, 3] . Onions were selected because of they contribute significantly to odour, colour, and several health promoting compounds including polyphenols, flavonoid antioxidants and antiproliferative compounds, [1, 2] . Recent research has shown that non-structural carbohydrates produced inside the plant tissue include pyruvic acid, fructose, glucose, sucrose, 1 -kestose, neoketose, nystose, 1F-β -Dfructofuranosylnystose and three non -completely identified fructans from onions [4] . After harvest, field drying, removal of top and root may the non -peeled onion be stored for at least 40 weeks with a minimum of further losses [5] . Onion bulbs from the allium species are extensively employed as food flavouring and appreciated for their contents of various flavonoids [1, 3] . The high contents of flavonols such as in Tropea ecotype onion may also be associated with positive effects against oxidative damage induced in human erythrocytes [7] . Freeze drying may result in products that retain more of the characteristic flavour components of fresh onion, as judged by sensory tests, than the other processes used by processing of frozen vegetables. Blanching of onion may reduce the contents of aroma compounds significantly because the enzyme alliinase are degraded by heating [8] . Recent research showed microwave heating of onion, cooking without water or frying did not affect frying nor the contents of flavonoids in onion [9] . Frozen storage of peeled onion may result in considerable losses in onion flavour [10] . On this basis it was decided to produce frozen and pickled onion without and with blanching and pasteurization. ferred into water kept at 90ºC and blended similarly within ten seconds. The differences in the contents of pyruvic acid in two times three bags showed the efficiency of the enzyme alliin lyase. On the basis of these activities it was found that production of pyruvic acid was finished after 30 min. Measurement of released pyruvic acid were carried out using a few g freeze dried onion tissue in 15 mL glass jars that were supplied with 500 μl standard solutions of malic acid, 10 ml methanol, 200 μl concentrated sulfuric acid and 500 μl boron triflouride. After 20 hours at 20 ºC were the esters of pyruvic and malic acid extracted using 2 mL solution of pentane and chloroform mixed 1:3. The average contents of the methyl ester of pyruvic acid were measured in six replicates and the retention time for methyl pyruvate and dimethyl malonate were 20.8 and 29.2 min with three small peaks due to occurrence of acetic acid, malic acid and citric acid, respectively after 43.3, 48.5 and 58.2 min. Separation and quantification of pyruvic acid were carried out using a Hewlett Packard (HP 5840A) gas chromatograph equipped with a 2.5 m stainless steel column (id 1/8 inch) packed with 5 % polyglycol succinate on 80 -100 mesh diatomite. The extracted compounds were separated by column temperature 50 -200 ºC, with temperature increase 2ºC min -1 for 0-20 min and then 4 ºC min -1 up to 200 ºC and 15 min at this temperature. The carrier gas was 7 mL N2 min -1 and the standard solution contained 0.5 g malic acid 100g
-1 (Table 1) .
RESULTS AND DISCUSSION
Measurement of pyruvic acid in frozen onions from the four cultivars ʽHygroʼ, ʽHuduroʼ, ʽHyblendeʼ and ʽLucratoʼ using both gas chromatography (GLC) and spectrophotometry (ABS) showed small differences in the contents of pyruvic acid using gaschromatography and spectrometry, respectively (Table 2 ). These data shows that gas chromatography resulted in a significantly lower values compared to the values obtained using spectrophotometry. The highest and lowest contents of pyruvic acid were found in onions from ʽHygroʼ and ʽTarzanʼ, respectively (Table 3) . It is very important to recognize the signifitive differences in average contents of pyruvic acid between cultivars and especially that the contents of pyruvic acid were reduced 43.8 and 45.5 per cent during frozen storage for 90 days. Another important issue is that residues from processing of fried, frozen and dried onions may be prepared and stabilized by various means and used as specified contents of fibre, alkenyl cysteine sulfoxides, oligosaccharides or odours as suggested previously [11] . Large losses in flavour compounds occurred during cooking, boiling, dehydration and freezing of whole onions or parts of the onion tissues [8] . Assuming use of fresh onion as 100 decreased was freeze dried 45, laboratory frozen 18, hot air dried 9-10, commercially frozen 6-6, boiled 5-2 and pickled 0.01 [8] . Home like peeling and storage have resulted in significantly losses in pyruvate, flavour, flavonoids, anthocyanins and antioxidant activity, whereas freeze-drying resulted in products that retained the characteristic flavour of fresh onion more efficiently [11, 12] . Onions (Allium cepa L.) are consumed worldwide and make an important contribution of sensory properties with antioxidants such as phenolic acids, flavonoids, aroma compounds and anthocyanins [7] . Onion composition varies according to growth conditions, maturity, and storage time for the bulb section and the contents varied significantly between cultivars just as for other vegetables [1, 13, 14] . All the methods of flavour assessment led to the conclusion that these processes were accompanied by large flavour losses. Quantitative estimates of these losses, varied with the analytical method in question, but were in general of the order of 90 to 95 %. Odour and taste of onion foods are released by the enzyme alliin lyase (EC 4.4.1.4). The flavonoid distribution in the different layers of the bulbs indicates that the edible part of the onion contains 79 % of the total content of quercetin 4"-glucoside but only 27 % of the anthocyanins [12] . Storage of onions for 6 weeks in different conditions, all of them mimicking home storage habits, resulted in a decrease to 64 -73 % of total anthocyanins, which may be taken into consideration by processing the onions as well as possible [8] . The same trend was verified for the total antioxidant activity, which was reduced to 29-36 %. The edible part of onion contains 76 % of the total of the decrease in glucose and fructose content correlated with anthocyanin degradation was also observed. A unique class of organosulfur compounds forms the primary determinants of onion flavour [8] .
Three odourless, non-volatile flavour precursors collectively referred to cysteine sulfoxides are stored in the cytoplasm of intact onions and includes S-propyl cysteine sulfoxide, S-methyl cysteine sulfoxide, and S-(E)-1-propenyl cysteine sulfoxide. The intensity or pungency may be predicted by the differences in the concentrations of these precursors. The enzyme alliinase occur in the compartmentalized the cell"s vacuole and is released upon tissue disruption and reacts with these non-volatile precursors. The precursors are cleaved by alliinase to sulfonic acids, ammonia, and pyruvate. The sulfon-ic acids are chemically unstable and will combine with another of the same species to give a range of sulphur compounds. Sulfonic acids condense to form thiosulfates that are unstable and undergo dissociation and rearrangement to form primary and secondary volatiles, along with secondary nonvolatile compounds. The balance between pungency and levels of sugars determines the perception of sweetness in an onion [8] . Because of their low pungency, mild onions are primarily eaten raw and are added to foods including, salads, sandwiches, dips, dressings and cold side dishes. Full-flavored pungent onions possess a higher concentration of sulphur-based compounds that improve the perception of sweetness. The content of pyruvic acid decreased during storage of onion from the cultivar ʽHyduroʼ at -25ºC decreased according to linear equations using gas chromatography and spectrophotometry (Table 2 ) and the common decrease rate could be measured using an linear equation: pyruvic acid = 57 -0.24days; R= 0.97). A large number of aroma compounds in onion are produced from Ssubstituded L-cysteine sulfoxide derivatives by the enzyme alliinase resulting in characteristically onion odour compounds including gamma sitosterol, ergos8-en-3ol, cholesta-4,6-dien-3-ol, cholesterol, humulene, myristic acid, fucosterol and several organic acids [9] . In about 10 days after the last normal picking time have the onions reached maximum weight and the contents of dry matter were kept almost even [5] . At a certain stage of maturation may the composition of onion be in balance regarding contents of flavonoids [3, 6, 7, 12] . The contents of dry matter in raw non-peeled onions decreased from 13.4 g 100 g -1 at harvest to 11.8 g 100 g -1 during storage for 40 weeks [5] . The contents of fructose, and sucrose increased, whereas the contents of glucose and fructans decreased significantly during the storage period. Besides occurred significantly differences in the composition of the outer, middle and inner most onion leaves [8] . During storage of raw non-peeled onion decreased the fresh weight of 10 onions from 186 to 118 g kg -1 [5] . Home like storage, peeling and cooking did not result in significantly increases in the contents of the health promoting foods and optimum storage and processing did not result in the most valuable foods [12] . Anthocyanin like foods is not always satisfactory because it may result in significantly losses of flavonoids and carbohydrates as shown by microwave cooking without water, that not reduced the contents of flavonoids and frying does not always affect positively [12] . The pink colour of onion is a complex mixture of highly conjugated species composed of two N-substituted 3.4-dimethylpyrrole-derived rings linked by either a methine or a propylene bridge that may be modified by various C1 -and C2 -side chains [11] . Processing of pickled onion pieces by blanching for 0, 1, 2 and 4 min combined with pasteurization at 70, 75, 80, 85 and 90ºC did not have any clear significant effect on drained weight except the significantly low figures (Table 4) . Increasing blanching time from 1 to 4 min resulted in significantly decreases in firmness from 500 kg to 436 kg by blanching for 4 min at 70ºC and to 95 kg by blanching for 4 min at 90º (Table 4) . Besides were the pickles red brownish at all pasteurizing temperatures without blanching and by blanching for 1 min at 80 ºC. Blanching for 2 and 4 min at 80ºC and 1 to 4 min at 85 and 95 ºC had all pickles an attractive yellow colour, which may be due to occurrence of xanthophyll"s and increasing blanching time by resulted in whereas increasing pasteurization temperature caused increasing firmness at blanching time 0 and decreasing firmness by increases in blanching time for 1, 2 and 4 min and decreasing firmness by blanching for 1, 2 and 3 min. Without both blanching and firmness caused increased significantly with increasing important for drained weights non-blanching from 70 to 90 and pasteurized onion from the cultivar ʽHygroʼ in glass jars and blanched for 2 min at 80ºC did not have red-brown spots but a light yellow colour in the outer onion rings (Table 4 ). Blanching at 85 and 90 ºC resulted in yellow colours if the blanching time were minimum 1 min by blanching at 85 and 90ºC (Table 4) . However, these temperatures may result in significant softening of the onions which may result in a non-satisfactory texture (Table 4) . Non-blanched samples of pickled onion had a non-satisfactory brown and red colour after storage for 2 months at 20 ºC. Processing of pickled onion included use of brine with 0, 30, 60, 120, 300, 400 mg 1000 cm3 ascorbic acid. However, all samples had a non-satisfactory colour without significant effects of ascorbic acid on the browning. Results from blanching of pickled onions for 0, 1, 2 and 4 min in combination with pasteurization at 70, 75, 80, 85 and 90ºC min showed that blanching temperature and time had none or a minimally effects on drained weight (Table 5 ). Firmness increased significantly by increasing blanching temperature from 70 to 90 ºC by blanching time zero. Blanching at 70 ºC resulted in maximum of firmness at blanching times 1 and 2 min and a minimum by blanching time 4 min. Blanching at 70 to 90 ºC for 1 to 4 min resulted in significantly decreasing firmness (Table 4) . Onion processed by blanching using 0, 1, 2, 4 min at 70 and 75 ºC, and 1 min at 80 ºC had the colour of blanched onions from the cultivar ʽHygroʼ a heavy red brown surface colour. Blanching for 2 and 4 min at 80 ºC, and 1, 2 and 4 min at 90 and 95 ºC resulted in a very nice yellow colour that may be due to xanthophylls as found in onion previously (Table 4 ). The yellow colour belongs to the two tristimulus yellowness (b) and greenness (-a) with a characteristic colour as yellow green ʽGolden Deliciousʽ in the early maturation phase of ʽGolden Deliciousʽ apple. The data in table 5 shows that blanching for 0, 1, 2, 4 min at 70-80ºC had none significantly effect on drained weight, while firmness decreased significantly by these treatments. The colour of these onions varied in colour from red brown (rb) by blanching at 70-75 ºC and a yellow colour (y) by blanching for 2 to 4 min at higher temperatures (Table 5 ). Development of various peeled and processed onions seem to be due to formation of highly conjugated molecules composed of two N-substituted 3,4-dimethylpyrrole derived rings linked by a methine or a propenylidine bridge [11] . Data from pasteurization of pickled onion processed from the cultivars ʽHygroʼ and ʽHyduroʼ for 0 to 25 min showed that firmness increased weekly with a maximum by pasteurization for 10 min whereas drained weight ceased significantly during pasteurization for 25 min (Table 4) . Both drained weight and firmness decreased significantly by increasing blanching time at increasing temperatures. The red brown colour could be degradation products from the flavonoid quercetin (quercetin 2-(3, 4-dihydroxyphenyl)-3, 5, 7-trihydroxy-4H-chromen-4-one) that also appear in greenish white and light yellow colours of the onion leaves [17] . Firmness of onion from ʽHygroʼ and ʽHyduroʼ decreased and greenness increased significantly by increases in the blanching temperature and time from 01 min. By blanching at 0 and 1 ºC for none to 25 min occurred significantly decreases in firmness and increases in greenness by processing of onions (Table 4 ). In both series with blanching was the firmness higher for ʽHygroʼ in comparison to the changes for the cultivar ʽHydroʼ. The increases in greenness without blanching varied from -0.3 to 5.1. The colour was satisfied by blanching at 85 ºC and 90ºC. Occurrence of pink discoloration of onion seemed to include 15 major colour compounds in a complex mixture of conjugated species composed of two N-substituted 3,4-dimethylpyrrole-derived rings linked by either a methine or a propenylidine bridge and they may be further modified by various C1-and C3-side chains [11] . The surface colour found in this experiment may in the first hand be an example of positive discolouration developed as described previously [11] . Another example of the effects of blanching shows how the greenness may occur by blanching of the two cultivars ʽHygroʼ and ʽHyduroʼ that are being green both without blanching and by blanching for one minute (Table 5 ). In total, structures of several major colour compounds were tentatively determined. It was found that the pigment is a complex mixture of highly conjugated species composed of two N-substituted 3,4-dimethylpyrrole-derived rings linked by either a methine or a propenylidine bridge. These two-ring units are further modified by various C1-and C3-side chains. Experiments with isotope labelled thiolsulphinate revealed that the methine-bridge and C1-side chains originate from the methyl group of methine, whereas the C3 units are derived from the propenyl group of iso alliin. Data from blanching of onion pieces at 90ºC for 0, 1 and 2 min showed that absorbance decreased significantly from 0.076 to a minimum at 490 nm and increased thereafter to a maximum at 530 nm and then decreased absorbance to none at 664 nm according to asymptotic equation that corresponds with anthocyanins in various red onion cultivars. Samples blanched for 1, 2 and 4 min did not show any similar peak. It was therefore concluded that these changes in absorbance may be due to occurrence of parts of anthocyanins that are degraded during blanching. Pickled onions were processed using raw materials from the cultivar ʽHygroʼ as by processing frozen onions. Processing of pickled onion pieces included peeling of 150 g onion pieces in 370 mL glass jars and supplied with brine containing 6 g 100 g -1 acetic acid in water and blanched at 80ºC for 10 min. The jars were stored at 20ºC for two months. Blanching were carried out in water baths with 35 L water at the stipulated temperature and cooled in tap water at 12ºC. The blanching experiments included three series of blanching at 70, 75, 80, 85 ºC for 0, 1, 2, 4 min. Pasteurization was carried out using blanched of onion pieces for 1 min at 85 ºC and pasteurized for 0, 5, 10, 15 and 25 min at 85 ºC. The heat processing of onion pieces was estimated using glass jar dimensions volume V, height h, diameter and f = 1 slope . Cultivars and consumption typologies of the Allium species under study show significantly differences in the flavonol contents, from the very low quantity of antioxidant compounds in white onion, about 7 mg/kg against 600-700 mg/kg that were found in red and gold varieties, to the enormous content of flavonols that are present in onions of prompt consumption, where quercetin 4′-glucoside exceeds 1 g kg -1 and quercetin 3-glucoside is present in a ratio higher then 10:1 with respect to its value in the other onion typologies. Shallots are very rich in the two major flavonols. The effects of cultivar, field drying, cool storage, peeling method, and mechanical damage on dry matter, glucose, fructose, 1 -kestose, neokestose, nystose and 1F-β -D -fructo-furanosyl-nystose and four nonidentified compounds have been discussed previously [4, 5] . These data include knowledge about op-timal cool stage of raw onion in order to be able to promote human health using foods with a high content of flavonoids that promote human erythrocyte oxidative stress [7] . These changes occur immediately by mechanical damage of the onion tissue and completely by mechanical separation of the onion tissue [12] . These reactions are finished in very short time and the amount of pyruvic acid may be used as a measure of flavour production because pyruvic acid appears because of enzymatically disintegrated comminution. More than 95 per cent of the maximum amount of pyruvic acid is produced within 6 minutes after the start of comminution. The total amount produced appeared to depend on the generally accepted degree of pungency of the onion lot investigated. Øverst på formularen Nederst på formularen Gas chromatographic determination of the volatiles from fresh "Sunspice" onions revealed that the principal disulphide present is n-propyl allyl, methyl-n-propyl, methyl allyl, dimethyl, and diallyl. In dehydrated onions this order is markedly altered. Quantitative estimates of the disulphide content of 53 lots of fresh onions were made and compared with analyses of dehydrated onions from comparable lot numbers. Loss of measured volatiles averaged 98 %, while the losses of disulphides were greater than 89 %. Cultivars and consumption typologies of some Allium species can significantly vary from a chemical point of view and even small differences can be important for their characterization and differentiation [6] . Bulbs of three varieties and four consumption typologies of onion (Allium cepa L.) and two varieties of shallot (Allium ascalonicum Hort.) were subjected separated by high pressure liquid gas chromatography. Seven flavonol glucosides were identified in all the samples, two of which, quercetin 3, 4′-diglucoside and quercetin 4′-glucoside, represent about the 90% of the overall contents. Cultivars and consumption typologies of the Allium species under study show significant differences in flavonols contents, from the very low quantity of antioxidant compounds in white onion, about 7 mg/kg against 600-700 mg kg -1 that were found in the red and gold varieties, to the enormous content of flavonols that are present in onions from prompt consumption, where quercetin 4′-glucoside exceeds 1 g kg -1 and quercetin 3-glucoside is present in a ratio higher then 10:1 with respect to its value in the other onion typologies. Shallots are very rich in the two major flavonoids studied were quercetin and kaempferol. The contents of quercetin and kaempferol have been measured in relation to the effect of different heat treatments. The identification and quantification of the flavonoids were performed with high performance liquid chromatography using UV detection. The greatest loss of flavonoids in onion took place during the pre-processing step where the onion was peeled, trimmed, and chopped before blanching. Blanched onion contained 25 mg quercetin and 0.35 mg kaempferol per 100 g edible part. Further cooking, frying or warm-holding for up to 2 h of the blanched vegetables, did not influence the flavonoid content. Onions in ready-made dishes and home-cooked food may be good dietary sources of flavonoids. The contents of flavonoids in onions, green beans, and peas have been analysed in relation to the effect of different heat treatments. Two major flavonoids were found, quercetin and kaempferol. The identification and quantification of the flavonoids were performed with high performance liquid chromatography and UV detection. The greatest loss of flavonoids in onion took place during the pre-processing step where the onion was peeled, trimmed, and chopped before blanching. Blanched onion contained 25 mg quercetin and 0.35 mg kaempferol per 100 g edible part. Further cooking, frying or warm-holding for up to 2 h of the blanched vegetables, did not influence the flavonoid content. Recent analysis showed that the dry matter in onion (11.7 g 100 g-1) are composed of glucose, fructose, sucrose, 1-kestose, neo-kestose, nystose and 1F-β-D-β-fructofyranosylsystose and four unknown compounds that varied significantly between six cultivars [4]. Odour and taste of onion foods are released by the enzyme alliin lyase (EC 4.4.1.4) and previous research have shown that the onion has a high capacity in formation of pyruvic acid from a diversity of organic compounds [5] . Measurement of pyruvic acid in frozen onion were carried our using two analytical methods based on gas chromatography and spectrometry did not result in any significantly differences except for measurement at the first day of storage, where gas chromatography resulted in a significantly lower value in comparison to value obtained using a spectrophotometric method and shows that the contents decreased significantly with the length of storage time according to linear equations (Table 1) . Studies in the effects of industrial processing on the contents of onion flavour components showed occurrence of a considerable loss of flavour compounds by industrial processing such as boiling, dehydration and freezing showed that mainly was due to complete and partial destruction of enzymes and precursors [8, 13] . Blanching of pickled onions in water at 70-85 ºC did not affect drained weight significantly, whereas blanching for 1, 2 and 4 min resulted in disappearance of the red-brown colour by blanching at 85-90ºC for 1 min and at 80-90 ºC for 2-4 min, respectively (Table 2 ). This colourant were named yellow/green because this colour corresponds to the area with mixtures in the green and yellow of the tristimulus values were these colours are mixed. Previous research have shown that quercetin and its derivatives impart red and purple flavonols such as quercetin that may cause yellow and brown compounds in the skin of many varieties [14] . Firmness of the blanched onions decreased significantly with increasing temperature and blanching time ( Table 2 ). These data shows that pickled onion pieces have a texture that may be recognized by the consumers and that several characteristic textures may be obtained according to various heat treatments. The effect of the following processes on the flavour of the product as compared with that of fresh onion has been investigated: pickling, canning, boiling and frying under domestic conditions, dehydration in hot air and by freeze-drying and freezing. Flavour assessments were based on determination of pyruvate, thiolsulphinate and volatile components in headspace, gas-liquid chromatograms as well as sensory testing in certain cases. All the methods of flavour assessment led to the conclusion that these processes were accompanied by large flavour losses. Quantitative estimates of the losses, varied with the analytical method in question, but were in general of the order of 90 to 95% [8] . Freeze-drying gave a product which retained more of the characteristic flavour components of fresh onion, as judged by sensory tests, than the other processes and in this case the taste threshold test indicated a flavour loss of 95%, pyruvate a loss of 25%, thiolsulphinate 26% loss and gas-liquid chromatography a loss of total peak area of 57%. Evidence that onions are consumed mainly for their flavour rather than as a source of nutrients in the classical nutritional sense is discussed and other factors which influence the flavour strength of the vegetable are reviewed. The average firmness during pasteurization decreased according to linear equation: kg = 419 -6.29 (R = 0.96). The effect of the following processes on the flavour of the product as compared with that of fresh onion has been investigated: pickling, canning, boiling and frying under domestic conditions, dehydration in hot air and by freeze-drying and freezing. Flavour assessments were based on determination of pyruvate, thiolsulphinate and volatile components in headspace, gas-liquid chromatograms as well as sensory testing in certain cases. All the methods of flavour assessment led to the conclusion that these processes were accompanied by large flavour losses. Quantitative estimates of the losses, varied with the analytical method in question, but were in general of the order of 90 to 95 %. Freeze-drying gave a product which retained more of the characteristic flavour components of fresh onion, as judged by sensory tests, than the other processes and in this case the taste threshold test indicated a flavour loss of 95 %, pyruvate (P) a loss of 25%, thiolsulphinate 26 % loss and gas-liquid chromatography a loss of total peak area of 57 %. Evidence that onions are consumed mainly for their flavour rather than as a source of nutrients in the classical nutritional sense is discussed and other factors which influence the flavour strength of the vegetable are reviewed Pyruvic acid appears enzymatically in onion tissue disintegrated by comminution. Over 95 % of the maximum amount of pyruvic acid is produced within 6 minutes after the start of comminution. The total amount produced appeared to depend on the generally accepted degree of pungency of the onion lot investigated. Weak onions produced 2 to 4 μmoles, those of intermediate strength 8 to 10 μmoles, and strong onions 15 to 20 μmoles of pyruvic acid per gram of onion. The enzymatic basis of the method, as well as its relation to other methods of estimation of pungency, is discussed [8, 12] . Without blanching increased drained weight of onion pieces significantly from 154 to 167 g, while firmness decreased significantly from 453 to 159 kg and the red brown colour disappeared by blanching for 0 and 5 min and a yellow/green colour occurred by blanching time from 10 to 25 min (Table  3) . Blanching for 5-25 min did not affect drained weight, whereas firmness decreased significantly by blanching for 5 to 25 min (Table 3 ). Anthocyanin and cyanidin derivatives constitute 50 % of total anthocyanins, but delphinine and petunidine derivatives, which have not been reported in red onions thus far, were also detected. The flavonoid distribution in the different layers of the bulbs indicates that, after homelike peeling, the edible portion contained 79% of the total content of quercetin 4"-glucoside but only 27 % of the anthocyanins. Storage of onions for 6 weeks in different conditions, all of them mimicking home storage habits, resulted in a decrease to 64 -73% of total anthocyanins. The same trend was verified for the total antioxidant activity, which was reduced to 29 -36%. A decrease in glucose and fructose content correlated with anthocyanin degradation was also observed. Yellow onions contain 270-1187 mg kg -1 fresh onion flavonoids, and red onion containing 415-1917 mg kg -1 flavonoids [3] . As compared with fresh onion as 100, enzyme activities of the processed products were freeze dried 45, laboratory frozen 18, hot air dried 8.8-10.0, commercially frozen 6.6, boiled 5.2 and pickled 0.01 [8] . The data in table 4 showed significantly decreases in firmness with blanching and with increasing blanching times for onion pieces (Table 4 ). All the methods of flavour assessment led to the conclusion that these processes were accompanied by large flavour losses. Quantitative estimates of the losses, varied with the analytical method in question, but were in general of the order of 90 to 95 %. Freeze-drying gave a product which retained more of the characteristic flavour components of fresh onion, as judged by sensory tests, than the other processes and in this case the taste threshold test indicated a flavour loss of 95 %, pyruvate (P) a loss of 25 %, thiolsulphinate 26 % loss and gas-liquid chromatography a loss of total peak area of 57 %. Evidence that onions are consumed mainly for their flavour rather than as a source of nutrients in the classical nutritional sense is discussed and other factors which influence the flavour strength of the vegetable are reviewed. The effects of cultivar, field drying, cool storage, peeling method, and mechanical damage on dry matter, glucose, fructose, 1-kestose, neokestose, nystose and 1F -β -D -fructo-furanosyl-nystose and four non-identified compounds have been discussed previously [4, 5] . These changes occur immediately by mechanical damage of the onion tissue and completely by mechanical separation of the onion tissue [12] . These reactions are finished in very short time and the amount of pyruvic acid may be used as a measure of flavour production because pyruvic acid appears because of enzymatically disintegrated comminution. More than 95 per cent of the maximum amount of pyruvic acid is produced within 6 minutes after the start of comminution. The total amount produced appeared to depend on the generally accepted degree of pungency of the onion lot investigated. Øverst på formularen
Nederst på formularen Gas chromatographic determination of the volatiles from fresh onions revealed that the principal disulphide present is followed in descending, order of concentration by n-propyl allyl, methyl-n-propyl, methyl -allyl. Quantitative estimates of the disulphide content of 53 lots of fresh onions were made and compared with analyses of dehydrated onions from comparable lot numbers. Loss of measured volatiles averaged 98%, while loss of disulfides was greater than 89%. The relationship of disulphides to onion flavour and a pungency ranking system based on these analyses are discussed [20] . Storage of onions for 6 weeks in different conditions, all of them mimicking home storage habits, resulted in a decrease to 64-73 % of total anthocyanins. The same trend was verified for the total antioxidant activity, which was reduced to 29 -36%. The moisture, ash, protein, Brix degree, glucose, fructose, sucrose, total fructans and total sugar, total and insoluble fibre contents were quantified in five traditional onion cultivars from Tenerife Guayonje, San Juan de la Rambla, Carrizal Alto, Carrizal Bajo and Masca) and a commercial cultivar. Processing by pickling, canning, boiling and frying under domestic conditions, dehydration in hot air and by freeze-drying and freezing resulted in significantly losses. The use of synthetic (±) -S -1-propyl -L-cysteine sulphoxide and of alliinase preparations in studies of flavour changes resulting from processing of onion (Allium cepa L.) and shown to include: (a) complete or partial enzyme destruction; (b) partial non-enzymic destruction of precursors; and (c) partial enzymatic hydrolysis of precursors with loss of volatile reaction products. A stable, freeze-dried alliinase preparation and synthetic (±) -S 1-propyl L cysteine sulphoxide ((±) PCSO) were prepared by known methods. Addition of an excess of enzyme to the processed product under optimal conditions was used in the determination of residual native substrate in the processed products and of an excess of the synthetic substrate for assay of enzymic activity. As compared with fresh onion as 100, enzymic activities of the processed products were as follows: freeze-dried 45, laboratory-frozen 18, hot-air dried 8.8-10, commercially-frozen 6.6, boiled 5.2 and pickled 0.01. Non-enzymic destruction of substrate (precursor) was greatest in the hot-air dried product (ca 80%) and least in freeze-dried onion (2.0%). Model experiments based on the alliinase preparation, (±)-PCSO and cis-S-1-propenyl-L-cysteine sulphoxide (the major component of the native onion precursors is the trans-isomer) exaggerated destruction of enzyme at 60 and 100 °C as compared with the relevant processed products, yet underestimated the substrate losses at these temperatures. It was concluded that factors other than those embodied in the model conditions were also involved. The effect of the following processes on the flavour of the product as compared with that of fresh onion has been investigated: pickling, canning, boiling and frying under domestic conditions, dehydration in hot air and by freeze-drying and freezing. Flavour assessments were based on determination of pyruvate, thiolsulphinate and volatile components in headspace, gas-liquid chromatograms as well as sensory testing in certain cases. All the methods of flavour assessment led to the conclusion that these processes were accompanied by large flavour losses. Quantitative estimates of the losses, varied with the analytical method in question, but were in general of the order of 90 to 95%. Freeze-drying gave a product which retained more of the characteristic flavour components of fresh onion, as judged by sensory tests, than the other processes and in this case the taste threshold test indicated a flavour loss of 95 %, pyruvate (PE) a loss of 25 %, thiolsulphinate 26% loss and gas-liquid chromatography a loss of total peak area of 57 %. Evidence that onions are consumed mainly for their flavour rather than as a source of nutrients in the classical nutritional sense is discussed and other factors which influence the flavour strength of the vegetable are reviewed. Data regarding the effects of blanching on drained weight of pickled onion shown in table 4 does not show any particular differences except blanching for 1 min at 80ºC, 2 min at 70ºC and 4 min at 75ºC that resulted in the significantly lowest values of drained weight (Table 4) . Without blanching were firmness medium at 70ºC, minimum at 75ºC and increased thereafter by blanching up to 90ºC (Table 4) . By blanching at 70ºC and 75ºC for 1 min were firmness at maximum and decreased thereafter significantly up to blanching at 90 ºC. Blanching for 2 and 4 min resulted in decreasing firmness by significantly increasing temperatures (Table 4 ). The colour of pickled onion were reddish brown by all temperatures without blanching, by blanching for 1, 2 and 4 min at 70 and 75ºC and 1 min at 80ºC. The colour were yellow/green by blanching at 80 ºC for 2 and 4 min and by 1, 2, 4 min at 85 and 85 ºC (Table 4) . Firmness decreased significantly by increasing pasteurization for 0 to 25 min for both blanching times and was significantly lowest for onions from ʽHyduroʼ onions in comparison to ʽHygroʼ onions (Table 5) . Greenness increased by increasing blanching time for both cultivars and was highest for ʽHyduroʼ onions. Data from determination of the effects of blanching time 0 and 1 min and pasteurization time 0 to 25 min on drained weight and firmness and colour of pickled onion showed that pasteurization time not affected drained weight significantly, whereas firmness decreased significantly by increasing pasteurization time ( Table 7 ). The colour of pickled onion had a red brownish colour without blanching time for 0 and 1 min resulted in red brownish colour without blanching after pasteurization for 0 to 5 min without blanching and red brownish without blanching for 1 min (Table 7) . Data from determination of the heating rate in table 11 shows the variations in processing of pickled onion in five size glass jars with volumes from 370 to 1100 cm 3 . The height and diameter of the jars varied from 370 to 1100 cm 3 corresponding to the volumes shows the effects of variations in height and diameter. The termal diffusivity cm2 min -1 varied m significantly in correspondence with the heath transfer and the time to center temperature increased 3.1 min by increasing jar size. (Table 12 ). On the basis of these data it is still obvious to use equal volumes on equal size by evaluation of treatment effects.
The precursor of the orange-red pigment formed upon wounding the bulbs of Allium giganteum (Allium subg. Melanocrommyum) was isolated and shown to be S-(2-pyrrolyl)cysteine S-oxide. In addition, two other pyrrolylsulfinyl derivatives were found in an extract from the bulbs, namely, 3-(2-pyrrolylsulfinyl)lactic acid and S-(3-pyrrolyl)cysteine S-oxide. Contrary to a previous report, the latter compound was shown not to serve as the precursor of the pigment, being in fact only an artifact formed during isolation. The formation of pyrrolyl-containing compounds following disruption of A. giganteum bulbs was studied by a combination of LC−MS, LC−NMR and DART-MS. It was found that S-(2-pyrrolyl)cysteine S-oxide is cleaved by a C−S lyase (alliinase) to yield 2-pyrrolesulfenic acid. Two molecules of the latter compound give rise to highly reactive S-(2-pyrrolyl) 2-pyrrolethiosulfinate which in turn converts into red 2,2′-epidithio-3,3′-dipyrrole (dipyrrolo[2,3-d:2′,3′-e]-1,2-dithiin). Several other pyrrolyl-containing compounds were detected in A. giganteum for the first time, including S-methyl 2-pyrrolethiosulfinate, S-(2-pyrrolyl) methanethiosulfinate, di(2-pyrrolyl) disulfide, and S-(2-pyrrolyl) 2-pyrrolethiosulfonate. It can be concluded that the formation of the orange-red pigment in Allium subg. Melanocrommyum species, despite sharing several analogous features, is of a different nature than the pink discoloration of onion (A. cepa). (rb= red brown, y= yellow/green). 
Table1. Gas chromatography
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